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FUEL INJECTION CONTROL APPARATUS FOR EM-CYLINDER INJECTION TYPE 
INTERNAL COMBUSTION ENGINE AND FUEL INJECTION CONTROL METHOD 

I NCORPORATION BY REFERENCE 

[0001] The disclosure of Japanese Patent Application No. 2002-315864 filed 
on October 30, 2002, including the specification, drawings and abstract are incorporated 
herein by reference in its entirety. 

BACKGROUND OF THE INVENTION 
L Field pf the Invention 

[0002] The invention relates to a fuel injection control apparatus and method 
for an in-cylinder injection type internal combustion engine, and particularly, to an 
improvement in a fuel injection control mechanism operated upon start-up of the internal 
combustion engine. 
2s Description qf Related Art 

[0003] Conventionally the fuel injection control apparatus of the 
aforementioned type has been disclosed in JP-A-8-3 19865. The apparatus disclosed in 
JP-A-8-3 19865 is structured to obtain a fuel injection start timing that allows the required 
fuel injection time period to be secured upon start-up of the engine based on the injection 
completion timing set in accordance with the operating state of the engine. Upon cold 
start of the engine, the apparatus allows to set the injection start timing during an exhaust 
stroke such that the quantity of the fuel required for the cold start is injected into the 
cylinder. 

[0004] In the apparatus disclosed in JP-A-8-3 19865, if the fuel injection 
completion timing deviates from the crank angle range that allows injection of the fuel 
owing to the increase in the engine speed, the fuel injection valve is forcibly closed to 
interrupt the fuel injection so as to prevent the reverse flow of the residual gas in the 
cylinder to pass through the fuel injection valve. 

[0005] The aforementioned apparatus disclosed in JP-A-8-3 19865 is capable of 
setting the injection start timing during the exhaust stroke upon cold start of the internal 
combustion engine so as to inject the fuel by the quantity required for the start-up. In 
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this case, however, when the fuel injection completion timing deviates from the crank 
angle range that allows the fuel injection, the fuel injection is forcibly interrupted. This 
may cause the failure in injection of the required quantity of the fuel. In this apparatus, 
even if the injection start timing can be set during the exhaust stroke at the cold start of 
the engine, the quantity of the fuel required for the start-up cannot always be injected. 

[0006] In the aforementioned case, it is difficult to complete the start-up of the 
engine at the cold state. The fuel injection for the start-up of the engine will be 
repeatedly performed. Especially in the start-iip of the engine, the rate of the fuel 
subjected to the combustion to the fuel subjected to the injection into the cylinder 
becomes small. So the concentration of the fuel that is not combusted in the cylinder of 
the engine is increased. This may cause the spark plug to be covered with the fuel or 
smoldered with high possibility. Accordingly it becomes further difficult to start the 
engine. 

SU MMARY OF THE INVENTION 

[0007] It is an object of the invention to provide a fuel injection control 
apparatus and method for an in-cylinder injection type internal combustion engine, which 
allows good startability of the engine. 

[0008] According to a first aspect of the invention, a fiiel injection control 
apparatus for an in-cylinder injection type internal combustion engine for controlling a 
quantity of fuel to be directly injected into a cylinder upon start-up of the internal 
combustion engine is provided with a controller that extends an allowable crank angle 
range that allows the fuel injection within a predetermined period of time subsequent to 
an initial combustion of the fuel injected upon the start-up of the internal combustion 
engine. Accordingly the extended allowable crank angle range after passage of the 
predetermined period of time becomes larger than the allowable crank angle range within 
the predetermined period of time. 

[0009] In the aforementioned aspect, the allowable crank angle range is 
reduced for a predetermined period of time so as to be shorter than the range after passage 
of the predetermined period of time. The aforementioned reduction in the crank angle 
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range for the predetermined period of time may restrain the fuel injection quantity. This 
makes it possible to avoid the excessive increase in the fuel concentration within the 
cylinder as well as avoid the fuel injection at a crank angle at which the aforementioned 
covering or smoldering of the spark plug is likely to occur. 

[0010] Within the aforementioned predetermined period of time, the 
temperature within the cylinder is increased in the heat of combustion of the fuel. After 
passage of the predetermined period of time, the fuel is likely to be atomized, which may 
prevent the spark plug from being covered nor smoldered. In the above-described 
structure, the allowable crank angle range is expanded after passage of the predetermined 
period of time such that injection of the fuel sufficient for start-up of the engine can be 
promoted. This makes it possible to secure good startability of the engine. 

[0011] In accordance with the first aspect, the controller may set a fuel 
injection period within the predetermined period of time to the allowable crank angle 
range within the predetermined period of time. 

[0012] In the aforementioned aspect, the fuel injection period within the 
predetermined period of time corresponds to the allowable crank angle range. This 
makes it possible to simplify the fuel injection control compared with the case where the 
fuel injection period is set based on calculation of the fuel injection quantity under the 
limitation of the allowable crank angle range. This makes it possible to effectively 
utilize the allowable crank angle range. 

[0013] In accordance with the first aspect, the controller may set a fuel 
injection period after passage of the predetermined period of time to the extended 
allowable crank angle range. 

[0014] In the aforementioned aspect, the longest possible period of time is set 
as the fuel injection period after passage of the predetermined period of time. Therefore, 
the allowable crank angle range can be effectively utilized. As the fuel injection period 
after passage of the predetermined period corresponds to the allowable crank angle range, 
the fuel injection control may be simplified compared with the case where the fuel 
injection period is set based on the calculation of the fuel injection quantity under the 
limitation of the allowable crank angle range. 
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[0015] In accordance with the first aspect, the controller may set the 
predetermined period of time to a period that is taken for an engine speed of the internal 
combustion engine to exceed a predetermined engine speed. 

[0016] As the temperature within the cylinder increases after the initial 
combustion, the engine speed increases. Therefore, the engine speed after the initial 
combustion can be used as a parameter indicating the temperature of the cylinder. 

[0017] According to the above-described aspect, the period of time supposed to 
be taken for reaching the temperature at which the aforementioned covering or 
smoldering is unlikely to occur can be obtained without detecting the temperature of the 
cylinder directly. Then the obtained period is set to the predetermined period of time. 

[0018] In accordance with the above aspect, the controller may make the 
allowable crank angle range within the predetermined period of time variable in 
accordance with at least one of an operating environment and an operating state of the 
internal combustion engine upon the start-up thereof. 

[0019] The aforementioned aspect makes it possible to determine the allowable 
crank angle range to be set in the predetermined period of time as an appropriate range 
based on at least one of an operating environment and an operating state of the engine at 
start-up. 

[0020] In accordance with the above aspect, the controller may make the 
extended allowable crank angle range variable in accordance with at least one of the 
operating environment and the operating state of the internal combustion engine upon the 
start-up thereof. 

[0021] Accordingly this makes it possible to set the expanded allowable crank 
angle range to an appropriate range based on at least one of the operating environment 
and the operating state of the engine at start-up. 

[0022] In accordance with the above aspect, the controller may extend the 
allowable crank angle range prior to the predetermined period of time so as to be larger 
than the allowable crank angle range within the predetermined period of time. 

[0023] In the aforementioned aspect, the allowable crank angle range prior to 
the predetermined period of time is expanded to be larger than the allowable crank angle 
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range to be set within the predetermined period of time. Therefore, this makes it 
possible to promote combustion of the injected fuel upon start-up of the engine. 

[0024] In accordance with a second aspect of the invention, a fuel injection 
control apparatus for an in-cylinder injection type internal combustion engine for 
controlling a fuel injection quantity upon start-up of the internal combustion engine is 
provided with a calculating device that calculates a command value for controlling the 
fuel injection quantity into a cylinder of the internal combustion engine, and a controller 
that executes a fuel injection control based on the calculated command value. The 
controller forcibly decreases the command value for controlling the fuel injection quantity 
for a predetermined period of time after an initial combustion of the fuel injected upon the 
start-up of the internal combustion engine, and stops the forcible decrease in the 
command value after passage of the predetermined period of time. 

[0025] The aforementioned second aspect makes it possible to avoid the 
excessive increase in concentration of the fuel within the cylinder by controlling the 
command value indicating the fuel quantity so as to be forcibly decreased within the 
predetermined period of time. The aforementioned control makes it possible to perform 
the fuel injection at the crank angle other than the crank angle that is likely to cause the 
covering or smoldering of the spark plug. 

[0026] Within the predetermined period of time, the temperature of the cylinder 
is increased in the heat of the fuel combustion. Therefore, the fuel is likely to be 
atomized after passage of the predetermined period of time, avoiding the covering and 
smoldering of the ignition plug. According to the aforementioned aspect, the control of 
the command value to decrease the fuel injection quantity is stopped after passage of the 
predetermined period of time so as to promote sufficient fuel injection for start-up of the 
engine. This makes it possible to secure good startability of the engine. 

[0027] In accordance with a third aspect of the invention, a fuel injection 
control method for an in-cylinder injection type internal combustion engine for 
controlling a quantity of fuel to be directly injected into a cylinder upon start-up of the 
internal combustion engine, comprises the step of extending an allowable crank angle 
range that allows the fuel injection within a predetermined period of time subsequent to 
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an initial combustion of the fuel injected upon the start-up of the internal combustion 
engine such that the extended allowable crank angle range after passage of the 
predetermined period of time becomes larger than the allowable crank angle range within 
the predetermined period of time. 

[0028] In accordance with a fourth aspect of the invention, a fuel injection 
control method for an in-cylinder injection type internal combustion engine for 
controlling a fuel injection quantity upon start-up of the internal combustion engine, 
including steps of calculating a command value for controlling the fuel injection quantity 
into a cylinder of the internal combustion engine, and executing a fuel injection control 
based on the calculated command value. The command value for controlling the fuel 
injection quantity is forcibly decreased for a predetermined period of time after an initial 
combustion of the fuel injected upon the start-up of the internal combustion engine. The 
forcible decrease in the command value is stopped after passage of the predetermined 
period of time. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0029] Fig. 1 is a schematic view of an embodiment of the fuel injection 
control apparatus for an in-cylinder injection type internal combustion engine according 
to the invention; 

[0030] Fig. 2 is a flowchart representing a routine of a fuel injection control at 
start-up of the engine of an embodiment; 

[0031] Fig. 3 is a flowchart representing a routine of the fuel injection control 
at start-up of the engine of the embodiment; 

[0032] Fig. 4 is a chart representing setting of a fuel injection timing upon start- 
up of the engine of the embodiment: and 

[0033] Figs. 5A to 5C are timing charts each representing setting of the fuel 
injection timing upon start-up of the engine of the embodiment. 



DETAILED D ESCRIPTION OF PREFER RED EM B ODIMENTS 



[0034] An embodiment of a fuel injection control apparatus for an in-cylinder 
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injection type internal combustion engine which is applied to a spark-ignition type 
internal combustion engine will be described referring to the drawings. 

[0035] Referring to Fig. 1 showing a schematic view of the fuel injection 
control apparatus of the embodiment, an internal combustion engine 1 is formed as a 
spark ignition type internal combustion engine for directly injecting the fuel to each 
combustion chamber of 6 cylinders (#1 to #6) . The internal combustion engine 1 
includes a mechanism for supplying the fuel, that is, a fuel tank 10, a high pressure fuel 
pump 20 for increasing the pressure of the fuel that has been pumped up by the fuel tank 
10, a delivery pipe 30 for storing the fuel pressurized by the high pressure fuel pump 20, 
and an injector 40 for directly injecting the fuel stored in the delivery pipe 30 into the 
combustion chamber. 

[0036] The fuel tank 10 is connected to the high pressure fuel pump 20 via a 
low pressure side fuel passage 11. The fuel tank 10 is provided with a feed pump lOf 
and a pressure regulator lOp. The fuel in the fiiel tank 10 that has been pumped up by 
the feed pump lOf is supplied as a low pressure fuel to the high pressure fuel pump 20 
while being maintained at a predetermined pressure via the pressure regulator lOp. If 
the fuel pressure within the low pressure side fuel passage 1 1 exceeds a predetermined 
pressure, the low pressure fuel within the passage 11 is relieved into the fiiel tank 10 by 
the pressure regulator lOp so as to maintain the pressure of the fuel to be discharged into 
the low pressure side fuel passage 11 at a predetermined pressure. 

[0037] The high pressure fuel pump 20 is provided with a cylinder 21 and a 
plunger 22 which define a pressurization chamber 23 of the high pressure fuel pump 20. 
The pressurization chamber 23 is communicated with/cut off from the low pressure side 
fuel passage 1 1 under the control of an electromagnetic spill valve 24 of the high pressure 
fuel pump 20. The electromagnetic spill valve 24 is provided with an electromagnetic 
solenoid 24s, a coil spring 24c, and a valve body 24v. The coil spring 24c serves to urge 
the valve body 24v of the electromagnetic spill valve 24 toward the valve opening 
direction. The urging force of the coil spring 24c makes the valve body 24v to an open 
state when electric current is not applied to the electromagnetic solenoid 24s such that the 
low pressure side fuel passage 11 is communicated with the pressurization chamber 23. 
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Meanwhile, when electric current is applied to the electromagnetic solenoid 24s, the valve 
body 24 v is brought into the open state, the communication between the low pressure fuel 
passage 11 and the pressurization chamber 23 is interrupted. 

[0038] The pressurization chamber 23 of the high pressure fuel pump 20 is 
connected to the delivery pipe 30 via a high pressure side fuel passage 12. A check 
valve 13 is provided in the middle of the high pressure side fuel passage 12. The check 
valve 13 serves to prevent the reverse flow of the fuel from the delivery pipe 30 to the 
pressurization chamber 23. 

[0039] Referring to Fig. 1, the delivery pipe 30 is connected to the low pressure 
side fuel passage 11 via a relief valve 14 and a relief passage 15 such that the fuel 
pressure within the delivery pipe 30 is not excessively increased. The relief valve 14 
opens when the fuel pressure within the delivery pipe 30 exceeds the set valve-opening 
pressure. The opening of the relief valve 14 returns the fuel within the delivery pipe 30 
to the fuel tank 10 via the relief passage 15 and the low pressure side fuel passage 11. 

[0040] The high pressure fuel pump 20, driven by the internal combustion 
engine 1, is mechanically connected to a crankshaft 2 as an output shaft thereof. More 
specifically, a cam 25 is mounted on a cam shaft 26 at the exhaust side, which is 
mechanically connected to the crankshaft 2. As the cam 25 rotates, the plunger 22 
reciprocates within the cylinder 21 . 

[0041] The control system that executes various types of control with respect to 
the internal combustion engine 1 , the high pressure fuel pump 20 and the like will be 
described. 

[0042] The control system is formed of an electronic control unit (ECU) 50 that 
receives inputs of detection signals from various sensors for detecting operating states of 
the internal combustion engine 1. The sensors include a water temperature sensor 61 for 
detecting a temperature of a cooling water for the internal combustion engine, a crank 
angle sensor 62 for detecting a rotational speed of the crankshaft 2, a cam angle sensor 63 
for detecting a rotating angle of the camshaft 2 and the like. 

[0043] The ECU 50 executes a pressurization control of the fuel through the 
high pressure fuel pump 20 and a valve-opening control through the injector 40 based on 
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the detection signals of the aforementioned sensors. 

[0044] The pressurization control of the fuel and the injection control of the 
pressurized fuel to be supplied to the internal combustion engine 1 executed by the ECU 
50 through the high pressure fuel pump 20 will be described. 

[0045] The ECU 50 serves to execute the pressurization control for the fuel 
supplied to the delivery pipe 30 by controlling the electromagnetic spill valve 24 using 
the high pressure fuel pump 20 that brings the plunger 22 into reciprocating movement 
within the cylinder 21 while operating the internal combustion engine 1 such that the 
capacity of the pressurization chamber 23 varies. When the plunger 22 is moved by the 
rotating motion of the cam 25 in the direction to which the capacity of the pressurization 
chamber 23 is increased, the electromagnetic spill valve 24 is opened such that the fuel 
pumped up from the fuel tank 10 is admitted into the pressurization chamber 23. 
Meanwhile when the plunger 22 is moved by the rotating motion of the cam 25 in the 
direction to which the capacity of the pressurization chamber 23 is decreased, the 
electromagnetic spill valve 24 is closed at a predetermined timing. This makes it 
possible to interrupt the communication between the pressurization chamber 23 and the 
low pressure side fuel passage 1 1 such that the fuel pressure within the pressurization 
chamber 23 is increased. The fuel at the increased pressure is supplied to the delivery 
pipe 30 via the check valve 13. 

[0046] The fuel held at a set pressure stored in the delivery pipe 30 is directly 
injected into each of the cylinders (#1 to #6) of the internal combustion engine 1 through 
the injector 40. 

[0047] The fuel injection control at start-up of the engine of the embodiment 
will be described. 

[0048] In the embodiment, the period from start-up of the internal combustion 
engine 1 to completion of the start-up is divided into three sections of the period, that is, 
an initial combustion section, a warm-up section, and a start-up promotion section. Each 
control executed within the aforementioned three sections of the period is different with 
one another. The initial combustion section of the period is taken until the moment just 
before the initial combustion of the fuel injected into the cylinder of the internal 
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combustion engine 1. The warm-up section of the period is taken from the moment 
when the fuel injected into the cylinder of the engine 1 is initially combusted to the 
moment when the internal combustion engine 1 is warmed up for at least a predetermined 
period of time. The start-up promotion section of the period is taken from the warm-up 
of the internal combustion engine for a predetermined period to the completion of the 
start-up. 

[0049] Referring to Fig. 2, described is a control routine for determining one of 
the aforementioned sections of the period executed in accordance with the operating state 
of the internal combustion engine. Fig. 2 is a flowchart indicating the process of setting 
one of those sections of the period as aforementioned, which is executed by the ECU 50 
repeatedly at a predetermined cycle. 

[0050] First in step 100 of the flowchart shown in Fig. 1, it is determined 
whether the internal combustion engine 1 is at a start-up timing. The start-up timing 
refers to the period that allows the internal combustion engine 1 to autonomously operate 
from the start of cranking of the internal combustion engine 1 in response to driving of 
the starter via an ignition switch (not shown). The timing that allows the internal . 
combustion engine 1 to be autonomously operated corresponds to the timing taken until 
the rotating speed of the crankshaft 2 detected by the crank angle sensor 62 reaches the 
predetermined rotating speed. 

[0051] If YES is obtained in step 100, that is, the engine is at the start-up 
timing, the process proceeds to step 110. In step 110, it is determined whether a 
rotational speed of the crankshaft 2 detected by the crank angle sensor 62 once becomes 
higher than a rotational speed NE1 from the start of cranking. 

[0052] The rotational speed NE1 is used for detecting the initial combustion of 
the fuel injected into the cylinder of the internal combustion engine 1. It may be set to a 
value that is larger than the rotational speed of the crankshaft 2 resulting from cranking of 
the internal combustion engine 1 through the starter by a predetermined amount. 

[0053] If YES is obtained in step 110, that is, it is determined that the rotational 
speed of the crank shaft 2 becomes larger than the rotational speed NE1, the process 
proceeds to step 120. In step 120, an initial combustion detection flag fl is set to 1. 
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The initial combustion detection flag f 1 is set to 1 when the initial combustion of the fuel 
injected upon start-up of the internal combustion engine 1 is detected. 

[0054] In step 130, it is determined whether the rotational speed of the 
crankshaft 2 once becomes higher than a rotational speed NE2 upon start of cranking. 
The rotational speed NE2 is used for determining whether the internal combustion engine 
1 has been sufficiently in the warm-up state where no covering nor smoldering of the 
spark plug occurs in spite of extension of the fuel injection period. If YES is obtained in 
step 1 30, that is, it is determined that the rotational speed of the crankshaft 2 becomes 
higher than the rotational speed NE2, which indicates that the engine is in the start-up 
promotion section of the period, the process proceeds to step 140. 

[0055] In step 140, a start-up promotion flag f2 is set to a value 1 . This flag 
f2 is set to 1 when it is detected that the rotational speed of the crankshaft 2 exceeds the 
rotational speed NE2. 

[0056] If NO is obtained in step 100, that is, it is determined that the internal 
combustion engine is not in the start-up timing, the process proceeds to step 150 where 
the initial combustion detection flag f 1 and the start-up promotion flag f2 are set to 0, 
respectively. 

[0057] When each process of steps 140, 150 is completed, or NO is obtained in 
each process of steps 110, 130, the routine ends. Each value of the initial combustion 
detection flag f 1 and the start-up promotion flag f2 set in the aforementioned course of 
process may set the aforementioned three sections of period. If the flag f 1 is set to 0, 
and the flag f2 is set to 0, this means that the engine is not in the initial combustion 
section of the period, nor in the start-up timing. If the flag fl is set to 1, and the flag f2 
is set to 0, this means that the engine is in the warm-up period. If the flag fl is set to 1, 
and the flag f2 is also set to 1, this means that the engine is in the start-up promotion 
section of the period. 

[0058] The control routine for executing the start-up control of the internal 
combustion engine for each of the above-described sections of the period will be 
described referring to Fig. 3. Fig. 3 is a flowchart of the control routine of the above- 
identified processes. The ECU 50 may also executes this process repeatedly at a 
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predetermined cycle. 

[0059] Referring to the flowchart of Fig. 3, in step 200, it is determined 
whether the internal combustion engine 1 is in the start-up timing like in step 100 of the 
flowchart of Fig. 2. If YES is obtained in step 200, that is, the internal combustion 
engine 1 is at the start-up timing, the process proceeds to step 210. 

[0060] In step 210, the control mode of the high pressure fuel pump 20 is 
determined prior to execution of the fuel injection control of the internal combustion 
engine 1 . It is determined whether execution of a fuel pressurization control by 
controlling the electromagnetic spill valve 24 upon start-up of the internal combustion 
engine 1 is required based on the detection results of the water temperature sensor 61. 
That is, a selection is made between the direct supply of the fuel pressurized by the feed 
pump lOf to the delivery pipe 30, and the supply of the fuel pressurized by the high 
pressure pump 20 to the delivery pipe 30. 

[0061] The. aforementioned determination is made based on a result of 
determination whether the temperature of the cooling water is equal to or lower than a 
predetermined temperature. If the cooling water temperature is equal to or lower than 
the predetermined temperature, the control of the electromagnetic spill valve 24 is not 
executed. When the electromagnetic spill valve 24 is not controlled, the fuel cannot be 
supplied from the fuel tank 10 to the delivery pipe 30 during closed state of the valve 
body 24v. Accordingly the supply quantity of the fuel to the delivery pipe 30 per 
rotation at a predetermined crank angle becomes larger than the quantity in the case where 
the electromagnetic spill valve 24 is not controlled. 

[0062] The process then proceeds to step 220 and subsequent steps where the 
fuel injection control of the internal combustion engine 1 at start-up is executed. In step 
220, it is determined whether both the flag f 1 and the flag f2 are set to 0. If YES is 
obtained in step 220, that is, both the flags f 1 and f2 are set to 0, it is determined that the 
start-up time is in the initial combustion section in which the initial combustion of the fuel 
injected at the start-up of the internal combustion engine 1 is not detected. The process 
then proceeds to step 230. 

[0063] In step 230, the fuel injection quantity and the fuel injection timing at 
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start-up are set. The aforementioned setting will be performed in the manner shown by 
Fig. 4. First the crank angle with respect to the Top Dead Center (TDC) of the piston 
(not shown) in each cylinder is obtained based on the detection signals of the crank angle 
sensor 62 and the cam angle sensor 63. The fuel injection quantity and the fuel injection 
timing in the cylinder into which the fuel is applied are calculated at a point when the 
piston advances at 450 ° CA with respect to the TDC thereof. 

[0064] The fuel injection quantity is calculated in accordance with the warm-up 
state of the internal combustion engine 1 (state of cold start). More specifically, the fuel 
injection quantity is calculated in accordance with the detection signal of the water 
temperature sensor 61 . The calculation of the fuel injection quantity may be performed 
once at start-up of the engine rather than the calculation at every advancement at 450° CA 
in the cylinder into which the fuel is injected. 

[0065] The fuel injection timing is set such that the calculated fuel injection 
quantity is established within the allowable crank angle range that allows a predetermined 
fuel injection. An end of the advancement side of the allowable crank angle range is set 
to a point in the latter stage of the exhaust stroke as the limit point at which a 
predetermined or larger quantity of the injected fuel is not discharged to the exhaust 
system for the internal combustion engine 1 prior to the combustion. Meanwhile an end 
of the retard side of the allowable crank angle range is set to a point in the earlier stage of 
the compression stroke as the limit point at which fuel injection to the cylinder of the 
internal combustion engine 1 is allowed. In this case, the advancement from 390° CA to 
60 ° CA is set as the allowable crank angle range. However, the allowable crank angle 
range may be variable based on the detection signal of the water temperature sensor 1 . 

[0066] The fuel injection timing is set based on the rotational speed of the 
crankshaft 2 detected by the crank angle sensor 62 within the allowable crank angle range. 
Although the crank angle range is identical, the corresponding time may vary with the 
rotational speed of the crankshaft 2. It is preferable to avoid the fuel injection timing at 
the most advanced angle side or the most retarded angle side but at the middle section of 
the allowable crank angle range so as to prevent covering and smoldering of the spark 
plug. 
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[0067] The fuel injection control is executed based on the fuel injection 
quantity and the fuel injection timing which have been set. Then the ignition control is 
executed by the spark plug of the internal combustion engine 1 at a predetermined timing. 

[0068] In step 240, it is determined whether the flag fl is set to 1, and the flag 
f2 is set to 0. If YES is obtained in step 240, it is determined that the engine is in the 
warm-up section. The process then proceeds to step 250. 

[0069] In step 250, the control for reducing the fuel injection period is executed 
according to the time chart shown in Figs. 5A to 5C. The solid line of the time chart 
shown in Fig. 5A represents the change in the crank rotational speed according to the 
embodiment. Fig. 5B represents the period at which the fuel injection starts, and Fig. 5C 
represents the period of completion of the fiiel injection. 

[0070] As Fig. 5B shows, the fuel injection start timing is delayed with respect 
to the advancement limit of the allowable crank angle range shown in Fig. 4. As Fig. 5C 
shows, the fuel injection completion timing is advanced with respect to the retard limit of 
the allowable crank angle range shown in Fig. 4. Under the aforementioned control, the 
fuel injection quantity is not calculated. The period taken from the start of the fuel 
injection to the completion of the fuel injection as being set in Figs. 5B and 5C is set as 
the fuel injection period. 

[0071] The reduction in the fuel injection period makes it possible to execute 
the fuel injection control during the period other than the period at which the covering or 
smoldering of the spark plug is unlikely to occur. The period from 300 ° CA to 90 ° CA 
is exemplified as the fuel injection period as shown in Figs. 5B and 5C. However, the 
fuel injection period may be set to be variable based on the detection signal of the water 
temperature sensor 61. In this case, it is preferable to set the fuel injection period to be 
variable in consideration with at least one of a condition where probability in causing 
covering or smoldering of the spark plug varies with the warm-up state (state of cold 
start) of the internal combustion engine, and a condition where the quantity of the fuel 
required to start-up varies with the warm-up state (state of cold start) of the internal 
combustion engine. 

[0072] The fuel injection start timing or the fuel injection completion timing 
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prior to the moment when the rotational speed of the crankshaft 2 becomes a 
predetermined rotational speed NE1 is set to be variable in accordance with the rotational 
speed of the crankshaft 2. Therefore, the allowable crank angle range is shown by a 
chain line in Figs. 5B and 5C. Each of the fuel injection start timing and the fuel 
injection completion timing shown by a solid line in Figs. 5B and 5C represents the 
command value, which does not necessarily correspond with the value indicating the 
actual fuel injection period. Even if the signal instructing to set the fuel injection period 
to "300° CA to 90° CA", the fuel injection control is executed in the fuel injection period 
in accordance with the instruction based on the fuel injection period calculated in the 
manner as shown in Fig. 4 prior to the time point tl. 

[0073] In step 260, it is determined whether the flag f2 is set to 1 . If YES is 
obtained in step 260, that is, the flag f2 is set to 1, it is determined that the start-up time is 
in the start-up promotion section. The process then proceeds to step 270. 

[0074] In step 270, the fuel injection period is extended in the manner as shown 
in Figs. 5A to 5C. That is, the fuel injection start timing is shifted to the advancement 
side as shown in Fig. 5B, and the fuel injection completion timing is shifted to the 
retarded side as shown in Fig. 5C. Then the fuel injection quantity is not calculated 
under the aforementioned control. The period from the fuel injection start timing to the 
fuel injection completion timing as being set in Figs. 5B and 5C is set to the fuel injection 
period. 

[0075] As the fuel injection period is extended after the determination is made 
with respect to the sufficient warm-up state of the internal combustion engine to 
effectively avoid the covering or smoldering of the spark plug, the fuel injection can be 
sufficiently performed while preventing the covering nor smoldering of the spark plug. 

[0076] The period from 390° CA to 60° CA is exemplified as the fuel injection 
period shown in Figs. 5B and 5C. However, the fuel injection period may be set to be 
variable based on the detection signal of the water temperature sensor 61. In this case, it 
is preferable to set the fuel injection period to be variable in consideration with at least 
one of a condition where probability of the covering or smoldering of the spark plug 
varies with the warm-up state (state of cold start) of the internal combustion engine, and a 
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condition where the quantity of the fuel required to start-up varies with the warm-up state 
(state of cold start) of the internal combustion engine. 

[0077] If NO is obtained in step 200, that is, it is determined that the internal 
combustion engine is not at the start-up timing, or each process in steps 230, 250, and 270 
is completed, the control routine ends. 

[0078] In this embodiment, when the initial combustion of the fuel injected into 
the cylinder of the internal combustion engine 1 is detected, the control for reducing the 
fuel injection period is executed (see Figs. 5A to 5C, time point tl). This makes it 
possible to avoid excessive increase in the fuel concentration within the cylinder and 
avoid the fuel injection at the crank angle at which the covering or smoldering is likely to 
occur. The fuel injection control while reducing the fuel injection period makes it 
possible to warm up the internal combustion engine 1 . When the crank rotational speed 
exceeds the rotational speed NE2, the internal combustion engine 1 is warmed up, and the 
fuel can be easily atomized. If it is determined that the covering or smoldering of the 
spark plug hardly occurs, the fuel injection period is extended (see Fig. 5 A to 5C, time 
point t2). This makes it possible to promote the injection of the fuel sufficient to 
promote the start-up of the internal combustion engine 1. 

[0079] In the case where the fuel injection control is executed in the manner as 
shown in Fig. 4 without reducing the fuel injection period, the crank rotational speed 
becomes as shown by the chain line of Fig. 5A, that is, the start-up may fail. Especially 
when the start-up of the engine is tried at an excessively low temperature, for example, at 
-15 ° C, it is difficult to succeed in the start-up operation. In this case, at the time point 
tl and thereafter at which the initial combustion of the fuel injected into the cylinder of 
the engine 1 occurs, the actual time period corresponding to the allowable crank angle 
range (390° C A to 60° C A) is reduced resulting from the increase in the rotational speed of 
the crankshaft 2. When the actual time period is reduced, the fuel injection control is 
executed whole through the allowable crank angle range. Then the fuel injection may be 
continued even at the crank angle at which the covering or moldering of the spark plug is 
likely to occur. Accordingly, the concentration of the fuel that is not subjected to the 
combustion in the internal combustion engine 1 is increased. This may cause misfire in 
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the internal combustion engine, interfering with the start-up operation. 

[0080] According to the embodiment, the following advantageous effects may 
be obtained. 

[0081] (1) When the initial combustion of the fuel injected into the cylinder 
of the internal combustion engine 1 is detected, the control for reducing the fiiel injection 
period is executed. This makes it possible to avoid the excessive increase in the fuel 
concentration in the cylinder as well as avoid the fuel injection at the crank angle at which 
the covering or moldering of the spark plug is likely to occur. 

[0082] (2) When the crank rotational speed exceeds the predetermined 
rotational speed NE2, the internal combustion engine 1 is warmed up. This makes it 
possible to atomize the fuel. When it is determined that the covering or smoldering of 
the spark plug hardly occurs, the fuel injection period is extended. Thereafter, sufficient 
quantity of the fuel can be injected for the start-up operation of the internal combustion 
engine. 

[0083] (3) The fuel injection timing is set in accordance with the crank 
rotational speed within the allowable crank angle range until the initial combustion of the 
fuel injected into the cylinder of the internal combustion engine 1 occurs. This makes it 
possible to inject the appropriate quantity of the fuel at the appropriate timing determined 
in accordance with the crank rotational speed. 

[0084] The embodiment may be modified in the following way. 

[0085] In the aforementioned embodiment, the control for reducing the fuel 
injection period is executed by a predetermined time period (warm-up period) from the 
detection of the initial combustion of the fuel injected into the cylinder of the internal 
combustion engine 1 to the moment when the crank rotational speed exceeds the 
rotational speed NE2. The starting point at which the fuel injection period is reduced is 
not limited, but may be set to an appropriate point after the detection of the initial 
combustion of the fuel injected into the cylinder of the internal combustion engine 1. 
For example, the starting point may be set to the one after the detection of the initial 
combustion of the fuel injected into the cylinder of the internal combustion engine 1, and 
the fuel injection timing is set for each of the cylinders in the manner as shown in Fig. 4. 
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[0086] In the aforementioned embodiment, the fuel injection period is extended 
after the crank rotational speed exceeds the predetermined rotational speed NE2. 
However, it is understood that the control is not limited to the aforementioned mode. 
The frequency of the combustion within each of cylinders in the internal combustion 
engine is obtained through monitoring of the crank rotational speed. The control for 
extending the fuel injection period may be executed when the obtained frequency 
becomes equal to or lower than the predetermined value. More specifically, the 
determination as to whether the internal combustion engine 1 is warmed up to the degree 
where the covering or smoldering of the spark plug hardly occurs may be made based on 
an appropriate parameter even under the control for extending the fuel injection period. 

[0087] The control for reducing the fiiel injection period immediately after the 
initial combustion (compared with the case after passage of a predetermined period) may 
be executed so as to restrain the covering or smoldering of the spark plug. 

[0088] The fuel injection control mode executed until detection of the initial 
ignition of the fuel injected into the cylinder of the internal combustion engine 1 is not 
limited to the example as shown in Fig. 4. For example, the allowable crank angle range 
as indicated in Fig. 4 may be set as the fuel injection timing. In this case, the fuel 
injection quantity does not have to be calculated at an advanced crank angle of 450 ° CA. 

[0089] In the aforementioned embodiment, the control for reducing the fuel 
injection timing is executed for a predetermined period (warm-up period). However, the 
allowable crank angle range where the fuel injection is allowed may be reduced in place 
of reducing the fiiel injection period. In this case, the fuel injection quantity is 
calculated in the manner as shown in Fig. 4. 

[0090] In the aforementioned embodiment, the control for extending the fuel 
injection period is executed after passage of the predetermined period (warm-up period) 
in which the fuel injection period is reduced. However, the allowable crank angle range 
where the fuel injection is allowed may be extended in place of extending the fuel 
injection period. In this case, the fuel injection quantity is calculated in the manner as 
shown in Fig. 4. 

[0091] In the aforementioned embodiment, the control routine for the fuel 
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injection shown in Figs. 2 and 3 is always executed at the start-up operation. The 
control routine, however, may be executed upon establishment of at least one of the 
operating environment and the operating state of the internal combustion engine. For 
example, the control routine may be executed when the temperature of the cooling water 
is equal to or lower than a predetermined temperature. 

[0092] The process for making the fuel injection period to be reduced or 
extended variable is executed based on the cooling water temperature in the 
aforementioned embodiment. However, such process may be executed arbitrarily so 
long as it is executed based on at least one of the operating state and the operating 
environment of the internal combustion engine. 

[0093] In the aforementioned embodiment, the determination is made as to 
whether the high pressure fuel pump 20 is controlled based on the cooling water 
temperature upon the start-up control. However, such determination may be made based 
on the operating state or the operating environment of the internal combustion engine 1 , 
which is derived from appropriate parameters. Alternatively the control of the high 
pressure fuel pump 20 may be interrupted upon the start-up control irrespective of the 
operating state or the operating environment of the internal combustion engine 1. 

[0094] In the aforementioned embodiment, the fuel injection period or the 
allowable crank angle range is reduced in the predetermined period (warm-up period) to 
be set after the initial combustion of the fuel injected into the cylinder of the internal 
combustion engine. However, the instructing value used to control the fuel injection 
quantity may be forcibly reduced within the predetermined period. This makes it 
possible to avoid the excessive increase in the concentration of the fuel in the cylinder. 
The decrease in the command value of the fuel injection quantity makes it possible to 
perform the fuel injection at the crank angle other than the one at which the covering or 
the smoldering of the spark plug is likely to occur. 

[0095] In the aforementioned embodiment, the ECU 50 serves to execute the 
control for extending the allowable crank angle range after passage of the predetermined 
(warm-up) period, or calculate the fuel injection quantity. However, an arbitrary 
hardware exclusively used for executing the above-described control may be employed in 
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place of the ECU 50. 

[0096] The fuel injection period or the timing for calculating the fuel injection 
period is not limited to the one as being exemplified in the embodiment. Further the 
structure of the high pressure fuel pump or the internal combustion engine is not limited 
to the one as shown in Fig. 1. 



